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Abstract 




PROBLEM TO BE SOLVED: To provide a thick film having good piezoelectric characteristics, which is obtained 
by forming the thick film comprising hardly sinterabie fine particles on a base body by an aerosol gas jet 
deposition method. 

SOLUTION: This laminated structure is constituted of a Si base body 1 1 , an intermediate layer 12 which is 
provided on the Si base body 1 1 and has the ability to prevent the reaction with lead atom and a piezoelectric 
ceramics 13 which is provided on the intermediate layer 12 and contains lead. The piezoelectric ceramic layer 13 
is formed by an aerosol gas jet deposition method which is comprised of spraying an ultrafine particle material 
onto the Si base body 1 1 through a nozzle and depositing the ultra-fine particle material to form a fine formed 
1 1 id ten. E.d^icuiaiiy , wiidu uic oi udoc uuuy i5> uocu diiu iiie uiiui\ nim or ine ieau piezoelectric material io is 
formed by the aerosol gas jet deposition method on the Si base body, the intermediate layer 12 is interposed in 
order to inhibit the reaction of lead atom. 
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2 3uml l zm^tz. VcMmkLX : J)Va-^M.^x^m^ 

wmLx^^msLizxvmzri^i-z. a&ssm^mL 
mizxmnmmtwm ttz ^m^^umx- 
\m/mL%mm%Bi.m\,zmmLx. mmx-^<. 
(r>jmtm=m^ >h?xhk Lxmmztitz. ztut 

«HI4»<oaMiiBK7 o ox:izt5^xi>$G£UBfimTfL. 

m#7x<n£s8tf$LitzizthX'bh. ^mmho 

OimX'li „ ^®*^KT-S> 0 RJCJiPiih § fix v ^fc . 
[00 54] ($mm2) Xhoyf'/^f-'/Al! 

MJi^. h n yf^A^f-^A-b 5 5 -y ? ? — y* -y h £ 

xxjt-yfsmzLtz. mmm.5oox:, x^-^m 

W-COikX^V-im 1.5W/cmi, 2 ^S<7)SJKT'K 
JE0. 3/zm$:ttWL^. i«KSfc:*J^TttT««S 
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Zit&zt izj:i. mnftm ttx vyw&t *«rc £ 
[0055] ±Mnm*m$&L, mvMm.<r>m^.^u 
itm^mti 2oo«i^st. ci^gt^cojtism 

fli9 0 0t:^tt^. it«Mc7)«ji^l^Uci:vI 

[0056] mmm3) &&-vw^±m**f% 

< x"& hm&tt-tz . tmim&j8MZ-£tcmtg.iz® 
mmt \scm&*s*n>m& 5 o o a«ku 

eA-ny^A|«*0.3iumWH , fS. sis 

-n^AJWiWBH*, igS#ffl^+. 5 0 0-CfcTiP 
gfeBUlSrJfeL*:. £ftfcTttlcPZTtf>181l£frr>fc. 

[0057] '&btitzmmitmmmt&&-visv2»/ 
mc? y^/^mmcomfAX' 930, s^/s-ft? ^ 
/ufiaa<oi^Ki6 3 oT*ofc. «#<oim-ctt+[a 

wtitePT. T/t*>mm9mx*<?)m8m&m<oMf$uzm 

HLTVVb. ifc. o^A«0iSjKtLT<i5~3 0w 
[0058] (SIJ6^4 ) XjfeH3 fcrCfi*F*tt*fct> 
xrny^'x^'x ■/ hT^^aymiz^ 
LfcKfk3£BMM4 3 5 %ST'S> 0 , P Z i: mt 

T'$>£ fc<R5&TS . &Mm&tfi9 3 OSKSrSC: t Ifi 

[0059] mm P Z T&S±ft^Wfitfl8!l5ttc<£ 
m-ftmiO. 2umfrt 3 8MmmcO%t?-tf&&LXte 
0. Cl«0S^$r^LT, 0.2^miaT, 0.5>umJ^ 
T. lum&T, 3umWF, 3 jumJ2Lhfc«flcS:»i 
SUKLfc. ifc, BjffJhLT^^JfiCTT'Jiit^ffiSSO 
m* / g(^)y "J X? £ 4 w t %ma I X V v& . P Z 

Tita^»KzajS{47 5 Q°cx'$>h. ^mm^-mwi 
mi,zxmcommmm?:m^ffi.m£MfcLtz. **>is* 

1 tz^t. 
[0060] 

[*1 ] 





->'J23tCL 


i/«;*4wt% 


O. 2 M mSXT 


31% 


12% 


O. S<im£lT 


35% 


16% 


1. Ojim&lT 


40% 


25% 


0. O^mKAT 


42% 


38% 


3. 0 M m«± 


47% 


35% 



81 



[0061] vmmtzz ■) awflMflWfcttjWMfcSft 
tzi><?>£ r )®mtz%r>x^2>. isvxnmzimmm. 

-coySffi^'PZTfii^^M^^I!), -f 

5 & & 5 ggO p Z TttflBI<0««e*<2. LV>3/xmffi 
^<7)PZTH^-Cliffi^M^1±* s ^-tT L4 d . 
^JfcW-CfcHfcKiaK* 7 5 0*Cfc:Ufcj&*. ^fl 

0. PZT'|«oaWftt*«i*iJ:f*it«v^4Tt«r 
[0062] ( USSCT 5 ) ilSOHWRjBi: i £ 

9>, mi\L-*7QL-&m<nJmm. ^mm-ttm^^x^ 

ZZX'&ms&liPZT (52/48) tc^rSJ: 

^-tiiflffilSrL. *V*JM 1 0 OppmU 
T(c«r44r*«stfTofc. ^<7)iotcLT#^»ii3tP 

%Lm±0. 2txmX'h->tz. 

[0063] «ra^wt«4TJi«9sawwtc^'j^»& 

mx'h-otz. ^imiziiAvftxcommx' 
hr>xi>. is>JMtt&mx'i±4vft%i;jL±.X'hz,zt 
ummzmmzti. mw-m&, zwxo&mmm 

Mtmz&tU&Fi%~l,z%:-oX^6 . ^t. ffiffltePZ 

TmzTnmwi-zcvfriz-izffliiztiwftiittL,* 

[0 064] Ztt&tLXisVtZaTOXolzmtf 

aittz. p z T®mzft Lmwiz 5 o k<r>w6*.mtm 
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#l*/P*^j££*i£^5Jt0iJC^^ ittES^. 
C%-C#ftfc LT S p H = 3 . 5 <OiMg?*i§?££ 

[00 6 5] (SB»W6) »BWtt«fl:*JB<ifc«: 

*}CT 5112 Lfc . BMW** P b 5 G e 3 O u ffig? 

;HC8 0T:fcTS*U MKf«S?S2r#S. 4fc. mtk 
(?>mmX'$> SPb,Ge,,,Si c>4 On tftf&^CiixO 



tt-x h^f>-x^y-^S:^5i?t«SEf: LTffl^Ttftu. 
i /B i itt^fi'J f>A-f VTn^yK , ffi 
SSCin*.* -?-<5DflL BMMfgffc^&£&*caaBU 
0 ICC JPSft L . RJBO^jSCT P H = 3 . 5 c7) 

[0066] &ffl<7>mnm&.&&iz4 w t % t L^-at-t 

[0067] 
[*2] 





PZTX).5Nb 


PMN-PZT 


PNN-PZT 


PNN-PZN-PZT 


mm- 


1200 


1100 


1090 


1050 


PCO (0.5v*SO 


BOO 


950 


900 


900 


PCO(l.0wt» 


850 


950 


900 


900 


PGO (Z.0v**) 


850 


900 


450 


850 


PGO<4.0wtX> 


750 


450 


400 


800 




1000 


B50 


850 


450 


UL/BI OJDvjtS) 


1000 


850 


800 


890 


Li/Bl CLQvutS) 


950 


$50 


800 


800 


Li/Bi (4.0wtS) 


950 


300 


750 


400 


PBS (O.SwtS) ' 


TIOO 


1030 


1000 


1000 


PBS (l.Owtt) 


1050 


1050 


1000 


1000 


PBS (2.0wBO 


1050 


1050 


S50 


950 


PBS (4.0wtt) 


1000 


1000 


950 


95C 



(&4>g>PBStt. F*0-B20J-SiOJ clan »0S) 



[00 68] 



[i£3] 
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P2T:0.SNb 


PMN-PZT 


PNW-PZT 


PNN-PZt*"PZT 




1200 


3800 


3500 


4200 


PGQ (OJwW) 


1100 


3000 


4200 


3300 


PGO (UOwtH) 


1100 


3100 


4050 


3100 




1040 


2950 


3860 


3050 


PGO (4.0wt&) 


800 


2200 


3420 


2600 


Li/BJ <05w») 


1050 


3800 


5000 


3500 


Ll/Bl (1 .Ow») 


1060 


3500 


4750 


3560 


U/Bl (2.0v*X) 


820 


3500 


4680 


3500 


Li/Bi (4.0wtt> 


760 


2800 


3800 


3100 


pbs (asv*a) 


1060 


3100 


4120 


3200 


PBS (I.OwtS) 


980 


3000 


4000 


3000 


PBS CZOwtft) 


530 


2600 


3600 


2700 


PBS (4.0wtS) 


730 


2500 


3500 


2200 



(9<t>®PBSt£.PbO-e203-Si02 <tus OTBg) 



[0069] ^2 i K>±x<^mmi,zM t^?a«offifi 

J: 9. ^D*l±4wt%l2TF, ifiL<li. 2wt%m 

[0070]i5C, PGO lwt%^iDPZT^C09 
5 0^&fcf n ti>«-|>. MMffij^^^Sl^LTttO 
Sr^-T. EPMA^-*f^J:&Ge7nfgc^-^j^L-C^ 

tt-fi><nx-foh (06 (A) , 06 (B) 

[0071] (HS£#J7 ) IMcD-tr:? S •/ 

2?£U->ft«{<±. PMN-PZTT'ti. 0.37 
5Pb (Mg 1/3 Nb 2/3 ) O 3 -0.625Pb (Zr 
o.4 Ti 0 . 6 )O 3 i6fM^ 0.125Pb(Mg 
1/3 Nb 2/3 ) O 3 -0.87 5Pb (Zr 0 . 54 Ti 

o.4 6 ) o 3 T&mm^.. twz. PbTtmz Batons 

r X'&± 2 0 %mm LtlW8.-t)K PNN-PZTT'IJ, 
0.5Pb(Ni 1/3 Nb 2/3 ) O 3 -0.5Pb (Zr 
0.3 Tij.^OsiSSDg^ PZN-PNN-PZ 
TT'Ji, 0. 2 5PZN-0. 1 0PNN-0. 6 5Pb 
( Z r o. 6 T i o, 4 ) 0 3 &m®&&. EMSL&tfmfr 
->fz. 

[0072] PNN-PZT<0{EtM^(ililT«0J:5^ 
SL£. NNO, ZTOJi^^g^^iOTfelfiS 

o. l^mot^^ftfc. mz, mm&mizxmu&m 
mfaz&tsmmizw&n&wiikmzftf&zit. two 
itotzztizx *)tm%it. *<m.. 6 5 0-ctcrsi 



inLfz. 

[0073] H)lfefiJ6^t^ST'L i /& i 

^4"^JiSrgest^it-fkJi#^ s i *y*/\tzmmL 
tz. z<Dtz<r>msLumz7 5o°cx'h&. mm-t&m 
mamttzm. ^^ssox:, imfflcof&xmzfr 
->tc. '&t>tu-zmcDm®.mti 5%st*$>9, it:, it 

^m*ti4 3 0 Olz^-itz. «I<0JK£#«H1 (Mi&te 
TtMS30kV/cm. 60*) U ff^3#1i2:4 

H ztayg^ix^:. v\'/P^#:co-?-ix^5 0 MH z C3Rt 

[0 0 74] («SCT8) HSg^l7tCTE«tt^rP 
NN-PZTffJ^SrJ^TOid^SDXL^. ^Stffc: 
«£« Ltz P N N - P Z TUBI 2 5 u m<6mMfrt> S i >7 

mizmmLtii>^m^\ mm^tm^um^ixh 

£. KOH2 5wt%. 8 0*CttIMX7fy^ 

i izm-zmmmmnm* *) . fmimmtf&fezix 
s. mmffimftnmmizy *hv v?yy <\,zz. o w 

mmizx. fmimzmmL. i7f>/t:riojD 

ISrJotL^S iffi£gS£iS§-tM>. 7*M^y'Xh5:i 

i&ztmLxh&mimMi±. o-v^rmnfegzm 

V\ KOH(CjI^VUd(CX^LTS)l». C£7)^fr^ 
X%t>tltz S i cO^gP^HSti 1 0 umX'h^tz. 
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[0075] ^mimLtimmo&mmm i.8mm 

<7)fettJIJ§t-eS> 0 . Sii7 ^y/Hzi. iJKUcil 
S(i 3 . 6 m mOjEWBT* & . ETOftt k L T Httlc 

**JSLSU44 0 0kHz{C«S!$a. 7?faX-^t 

lt <o«t«S£ & i k a*v > * I. . ' 

[0076] 1311 V?^'x>y hcOfil 

S i 0 JBX. t o 1 ofiffim^co^T'*) 

-I. . ftBHtftte 2 At m|£J|$ S i £fl£±fc, r f V 

/*hoyXA- 7 ?mzx K) , £ftfl&2 5 o-cktm 

^V^HHSrJftiWi. SSMB*£OX^ y^E^J : 0. 
1 P a , XJ^ yftfX : A r + 5%N 2 , ® 
S: 3.1W/cm«. KTSt/S 5 0 0 AZtmZlttz. 
iXlZ. Si-DyW^ (DyWM30wt%) 

i7hf^x 3 yCJ:0PNN-PZT, lwt%L 

i /b i wimmm^mmt. %m§jg.7 5 o-ac-c 1 
im^htfhtztbnfmmz & 5 o-c. 1 ^ratf ~> 

7^ai:tCr5; lOOnm, ggvvt Au £ 6 0 0 nm 

x\ mzmmmt^n^) zmmttz. «jf4oo^ 

m<0 ( 1 10) S i<?xA[;ii 7 fy/ii:LT2^ 
S&iSfflScOS i X-y^i^£*r3 . ^IHLJIOX.y^ 

y ^tt y -y g? k ftitry* — ? & & & ; < •/ 

7 r - H 7 y MlZX^M^ o . 

[ o o 7 7 ] xmmmiz&^x i±mmz £ 1 o u m k 

U 1 0 Mm<DX.-/^->^iKOH7iq^m. iS 

«25wt%, izxmmt, mz. m?&im<om2co 

4 • Xy^-y^ft^ HBUB3 9 0;unu 
SrXy^-V^S. X.yf-yi/c7)^{i^(cl O^ml 

^x^tzm^tmmth z t x-mmx-z s . i a 

m^t'<7)MXim-tZbX'^ >y h77f*x- 

[0 0 78] r^f-AX-^«ftJ4«|tS:WJptfcfc& 

o^ii^^^asr^fiSKcT^-r s -r k t*f« l 

fc. 3S>3S2 0 0,uiik Hff£ 1 6 0 0^m^±tC s 
PNN-PZTfIlii2«15 0wm. Jtff» 120 
OjumO^-ffiTltJf ^tVC^S. #®2!Uif£0-2 5V 



tl±9 0dpi 0ys. y YW8£gJ7)4 VWs. -v hT^f- 
i. 

[00 7 9] 

-li-TiSt*i^«!felSr^)S-r^ , x7D'/;^y'i «y 

X i/x -y h 7-">-K^^ a i 0 «S^JE«-fe 

«K*»* t » (C, Si »«cfc<0+Ht=«SRlEfi&jt«$- 

[0080] n$&20mmz. m^m 1 o^^v^ 

Mmmfrt>ffif£%tix^&cr>x\ *im<r>mffi.b Lxm 
w&t^mmL^^mm^m^hc\bx\ mm 

[0081] ftdcJS 3 coSHBti. li*JS 1 4 feJi 2 <0J6 

t>m\nxh<7>x\ mz. £mmtm$:5tjm±m<,z-fz> 

ZbX'Wmiztelf&x/i'-T'vhwfal.lzm.'O. £tz. 

mt%&mm&*^mwk<r>Ym*r*imi,zti: -> tz . 

[0082] IS*JI4 <75%HJ(4, xro/W^i/'i -y 

3 y^tcft t,aw ^> m^jsfit-r ^» z\ t fc. 

[0083] i«*35 5 <oJMB»i. ft*JB4 octets 

0. ^o^Mi:LT^$^Sa^7C«<y5d^. 

k t> 1 o*fcJ4aW4iKffiftt: J: O^^ix. *0 
fflKfi^'iS^fffli-t 5S-y? X^(c^ L.aajtT'4 w t 

[0084] 6 comm. w*«4 comma ^ 

T, ffl^SS«J*Jk tT. Ge, Si. Li, Bi, 
B, Pb C7)7C3&7)(f ^<ttl aijUl^TC** 1 ^ 

■y^xt*3V^T, Bfj^JcoS^-Srfirv^. 
[0085] f«*3a 7 <?D«BH{i. SS^ffi«-b 7$7^ 
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ttmm^muz. ±^f?wpbzro 3 , Pb 

li®3^hUPb (Mg 1/3 Nb 2/3 )0 3 ,Pb 
(Ni 1/3 Nb !/3 ) 0 3 . Pb (Zn 1/3 Nb 2/3 ) 
0 3 cr><£fr til oJiJLh5:#tf 37C^liLhc7)^ 

. *>oj&4>{cfiM<jf 6 <7)§zm<omM7cmz 

[0 086] fS*«8co^{i. M*JllJS7<7Hvf 

[oo87] m&R90mmi. m>zm8CD%>tyizM? 
?y9fr^miyxji>&x*mte*m< ; 8ffi t tfrtz%hn 

titeftJnU mZS Xfrfr^n^m^zfctXWmzm 
t LT-f x v b7V y?-^ y b'izmz^iX'h 



[02 ] J: l.fft77fiX-^^fS«- 

PI£Scf0T*£>5. 

[03] 02^Lrt:T??-.iX--?£Jflvtf£, w y 
^'x -y MHf<0«tSrfHT*&.. 
[ 04 ] 170 yVUtf^x -y h 5/5" 3 y^S^O- 

[05] PG01wt%aPZTf(7)9 5 0^CMl£ 

[06] *7i7? xffl«tttj (t h vmmtwptm 
*w.-tmx'$>&. 

5-/X/K 6-j£J8!S. 7- 

ffiSfitf^B. 8-j«&K>rr. 11-aft, 12-+ 

BUR. 13-Il-fe5S.7;xi, 21-SiSS, 2 
2-SiBMUI, 2 3-ttRjEffljfcJW, 24-PZT1 



[01] [02] [03] 
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[06] 
(A) 




Secondary phase 
Sintering temperature at 950*C 



(B) 




Sintering temperature at lOOO^C 



(51) Int. Cl. ? 

C 0 4 B 35/49 
C 2 3 C 4/10 
28/04 
H0 1L 41/08 
41/187 
// C 2 3 C 14/08 



MB9 



F I 
C23C 

B4 1J 
HO 1 L 



r-THK (##) 



28/04 
14/08 
3/04 
41/08 
41/18 



K 

1 0 3A 
D 

1 0 1 D 
1 0 1 F 
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F 



2C057 


AF93 
BAH 


AG44 


AP14 


AP53 


BA03 


4G031 


AA03 


AAll 


AA12 


AA23 


AA26 




AA27 


AA32 


AA39 


BA10 


CA03 




CA08 


GA02 


GA03 


GA04 


GA05 




GA18 










4K029 


AA06 


AA26 


BA50 


BB02 


BCOO 




BD03 


CAOO 


FA01 


HA02 


JA06 


4K031 


AA06 


AB02 


AB03 


CB01 


CB12 




CB14 


CB16 


CB42 


DA08 


FA01 


4K044 


AAll 


AB10 


BA08 


BA12 


BB01 




BB03 


BC14 


CA23 


CA29 


CA53 




CA62 











